Recent historical studies on medicine as a tool of empire have underlined the importance of local perceptions and responses when analysing the strategies and impact of European and North-American powers in various regions of the globe.1 These studies have suggested that the development of tropical medicine has not been a one-way street, that the rich texture of local societies occupied a central place in this process, and that authority had to be negotiated and accommodated by recipients who were able to redefine imported ideas and institutions.2 This article adds to this literature by using comparative history and by suggesting that developments in the so-called "periphery" provide crucial insight into the work of the metropolitan scientific centres.
position of British interests in the country, the export of a variety of both agricultural and mineral products that reduced its vulnerability to international price fluctuations, and the emergence of a civilian political elite that ruled the country between 1895 and 1919 under a democratic system of controlled elections.3
Carri6n and the Disease The eponym Carrion's disease was used to honour a medical student who was interested in understanding two diseases which were considered to be different clinical entities: verruga peruana (literally Peruvian wart) and Oroya fever. The former had been known since pre-Hispanic times, and was recognized as a nodular eruption on the skin which might last from a few weeks to several months. These skin eruptions were unlike those produced by other types of warts found in the rest of the world (hence the name verruga peruana).5
Factual data on Oroya fever dated from 1870, when an epidemic of fever and anaemia killed thousands of workers who were building the trans-Andean railway from Lima to La Oroya, a major mining town. Because the epidemic was not followed by a geographical spread of the disease, medical authorities named it "Oroya fever".6 The delay in recognizing Oroya fever (in contrast with verruga) is attributed to the fact that its main symptoms, fever and anaemia, could be confused with many diseases.
The government, the British Central Railroad Company, which operated all trains in the country, and, after 1901, the U.S. Cerro de Pasco Cooper Corporation, which used the Andean Central Railway to get its minerals to Lima, were very much concerned by Oroya fever because the Central Railway was the chief artery of transport between the coast and the mining centres in the central Andes. Many lives were lost to the disease every time the line was repaired or rebuilt.
Verruga peruana and Oroya fever attracted the attention of students and professors of the School of Medicine in Lima which was part of Peru's main University, San Marcos, and the only medical school in the whole country. In August 1885, a medical student, Daniel A Carrion, seeking to understand the pre-eruptive symptoms of verruga peruana, asked a fellow student to inoculate him with blood from a hospital patient afflicted with the disease. After an incubation period of twenty-one days, Carri6n showed no sign of warts, but he began to suffer from fever and anaemia, the two main symptoms of Oroya fever. A few days before he died, Carrion claimed that both diseases had the same origin.7 Other Peruvians doctors had previously maintained that verruga peruana and Oroya fever were manifestations of the same disease, but these statements appeared only as comments made in medical circles.8
Initially, some authorities reacted to Carrion's death negatively.9 This was partly because Carrion did not use in his inoculation any of the scientific resources available at the time, such as microscopic observation of the inoculated blood or bacteriological blood cultures. A delayed autopsy produced insufficient evidence to conclude whether Carrion died of Oroya fever or of a form of septicaemia.10 In response to the criticism, and to the threat of a lawsuit by the sub-prefect of Lima, Carrion's fellow students launched a campaign extolling him as a hero of science who had demonstrated that the two native illnesses shared the same origin.
Within a few years, Carrion's experience became an exemplary component of an emergent medical culture in Peru. Carrion's behaviour was presented as similar to that of famous European researchers of the nineteenth century who had experimented on themselves and their associates with virulent microbes.' 1 Thus Carri6n was converted into a "6martyr" of Peruvian medicine and his inoculation became a "sacrifice" for science.12
Subsequently, Peruvian physicians used the term "Carri6n's disease" rather than verruga peruana or Oroya fever, and elaborated a so-called "unifying" (in Spanish unicista) explanation of the origin of the two diseases. 7 The literature on Carri6n is abundant and usually repetitive. See Luis Antonio Eguiguren, El Estudiante de medicina Daniel A. Carri6n (proceso judicial sobre su gloriosa muerte), Lima, Editorial Aurora, 1941; Juan B Lastres, Daniel A. Carri6n, Lima, Editorial San Marcos, 1957; Francisco Linares Cabrera, 'Influencia de la vida y obra de Daniel A. Carri6n en la historia de la medicina peruana', BA thesis, Universidad de San Marcos, 1958 ; Jose B Penlaloza Jarrin, 'Daniel A. Carri6n, hombre de ciencia (con documentos in6ditos)', BA thesis, Universidad de San Marcos, 1958; David Frisancho Pineda y Oscar Frisancho Velarde, El Estudiante, la verruga y la muerte, Lima, Editorial Los Andes, 1986, and Oscar G Pamo Reyna, Daniel A. Carri6n, Lima, Editorial Visi6n Peruana, 1987. 8 David Matto, 'Discurso leido en la sesi6n del 5
de Octubre de 1886', La Cronica Me 'dica, 1886, 3: 376-80. 9 According to a former dean of the Medical Faculty: "Science has gained little, discredit of the profession has increased and the precious existence of an unwary young student has been snatched away." Ignacio La Puente, 'Una vfctima de la ciencia ', El Campe6n, 6 Oct. 1885, reproduced by Casimiro Medina (ed.), La verruga peruana y Daniel A. Carri6n, Lima, Imp. del Estado, 1886, pp. 67-8. 10 Myron G Schultz, 'Daniel Carri6n's experiment', New England J. Med., 1968 Med., , 278: 1323 1 On self-experimentation, see Lawrence K Altman, Who goes first?: the story ofselfexperimentation in medicine, New York, Random House, 1986. 12 For an illuminating account of the process of the glorification of Carri6n, see Uriel Garcia Caceres, 'Historia crftica de Daniel A. Carri6n y de la medicina de su 6poca', PhD diss., Universidad Peruana Cayetano Heredia, 1970. The appearance of such a hero contributed much to the professional identity and public legitimation of Peruvian medical doctors. During the late nineteenth century in the major Peruvian The fragile margin between basic and applied research in their specialty permitted bacteriologists to attract support for research by arguing that science was a powerful tool in the detection, prevention and cure of infectious diseases which ravaged the country. More regular support was given to bacteriology because of the need to produce sera and vaccines, study native illnesses, and control the use of insecticides and disinfectants. These measures were considered necessary to protect the urban and port populations, to attract coveted European immigrants, and to foster trade and investment in the rising export economy of Peru. Thus, by the early 1900s bacteriological laboratories existed at the Instituto Nacional de Vacuna y Seroterapia (which depended upon the Direccion de Salubridad Piblica, a branch of the Ministry of Development); the Instituto Municipal de Higiene, which was directed by the Italian bacteriologist Ugo Biffi; and in some hospitals including the magnificent Hospital Dos de Mayo, used for clinical instruction, and the Hospital Guadalupe at Callao, the chief seaport of Peru located eight miles west of Lima.
Some of the physicians trained in bacteriology by Matto Paris, Masson, 1902. Cr6nica Medica, 1914, 31: 353-9. Early Peruvian bacteriologists displayed originality and perseverance in their work. By the turn of the century, bacteriological research could be undertaken at the centres mentioned above, each of which possessed such essentials as microscopes, glassware, bacteriological stains, specialized literature and trained staff. Peruvian scientists allocated these resources to the study of native illnesses, in particular Carri6n's disease. Solving its etiology offered the opportunity to associate the name of the discoverer with an emerging national medical tradition. Peruvians were aware that European, American and Japanese scientists were determining the etiology of many infectious diseases, but the search for the causative agent of verruga peruana and Oroya fever was a research area where competition was initially limited to Peruvians. As London between 1911 London between and 1912 London between , wrote in 1912 Up to the present time no one has succeeded in finding the specific cause of the infection".28 This conclusion can be understood as a result of the mistrust produced by Barton's earlier mistake and, even more important, his peripheral position in the fragile group of Peruvian bacteriologists. These scientists were all concentrated in Lima, they did not have a local specialized journal but used the main medical journals like La Cr6nica Medica, and never organized an independent scientific society but were members of general medical societies like the Academia Nacional de Medicina and the Sociedad Medica Union Femandina.
After returning from England, Barton was unable to find a position in the university and worked for years as the director of the laboratory of the Hospital Guadalupe of Callao, a second-class facility compared to other laboratories in Lima. Barton gave little importance to publication while other bacteriologists were remarkably overproductive. Barton As the first task of the Department, Richard Strong decided to organize a scientific expedition to study diseases along the Pacific coast of South America, especially in Ecuador and Peru. Using an argument parallel to that of many public health officers who stressed the economic advantages of sanitation, Strong contended that his investigation was crucial for U.S. economic expansion: "the nature of the diseases which exist in many of these pest-holes must first be investigated . . . labor and capital need only follow."43 The expedition was planned for the summer of 1913, before the beginning of instruction, and during a period when the Department needed to show, according to the Dean, that "significant accomplishments" could be done "with a small amount of money."44
Ecuador and Peru were chosen, first, because locations like the port city of Guayaquil in Ecuador were considered hotbeds of tropical diseases and provided opportunities to pick up materials for use in the instruction of Harvard students. Second, little was known about this region in contrast with other areas of Latin America, which had been studied by the U.S. Army and the United Fruit Company and by the active indigenous scientific community of Brazilian scientists.45 Third, the mystery surrounding Oroya fever and verruga peruana represented a challenge and an opportunity to discover a new microorganism. Finally, Strong also underlined the potential interest of American companies in the Amazon region of Peru which comprised more than 60 per cent of the country and was the home of the rubber tree.46 According to Strong the western side of South America was: "from a commercial standpoint the largest underdeveloped area of the Western hemisphere".47
The other members of the expedition were also from Harvard: Ernest Tyzzer, assistant professor of pathology, Charles Brues, assistant professor of entomology, and A W Sellars, associate professor of tropical medicine. In Peru, the Americans included in their team the Peruvian bacteriologist Julio Cesar Gastiaburu, then director of the laboratory of the Instituto Municipal de Higiene, who co-signed some of the final reports. Harvard provided some funds for the expedition and the United Fruit Company and Pacific Steam Navigation furnished free transportation from Boston to Peru. To reciprocate, Strong agreed to inspect some of the eight hospitals established by United Fruit in Latin America.48 The expedition visited Jamaica, Panama, Colombia, Ecuador, and reported on the diverse diseases encountered. Their primary mission, however, was in Peru where they studied verruga and Oroya fever. They also gave some attention to the native version of leishmaniasis, locally known as uta, an infection caused by a flagellate protozoan that 43 Richard P Strong, 'Recent development in Luiz Antonio de Castro Santos, 'Power, ideology and relation to the study of tropical medicine in the U.S.', public health in Brazil, 1889 Brazil, -1930 Noguchi and the Peruvians Strong's conclusions had a contradictory impact on Peruvian medical circles. On the one hand, a senior prestigious foreign scientist had recognized excellence in a local researcher; on the other, Strong had denied the Peruvian physicians' belief in the etiological unity of Oroya fever and verruga peruana. The nationalistic and professional tradition partly based around Carrion's "sacrifice" held back Peruvian physicians from accepting the possibility that Carri6n had died in vain. The bacteriologist Oswaldo Hercelles declared that Strong studied only one human case which was mistakenly diagnosed as verruga and declared that his conclusions "injured" the national pride of Peruvian doctors.68
Moreover, Strong's conclusions were considered an attack on the local medical tradition that believed that because of climate and topography some native diseases had particular manifestations. According to Odriozola, the "intervention of bacteriology" was disturbing "profound clinical notions", and he raised his voice against Strong's "dissociative crusade".69
In addition, when in 1916 the physician Julian Arce inaugurated the new chair of tropical medicine at the University of San Marcos, he argued that Carrion's disease was the best example among tropical diseases of the "absolute dependency" of microorganisms and vectors on geographic distribution and local climatic conditions.70 This attitude continued in a major work on the medical geography of Peru published in 1925 by the directors of the Direccion de Salubridad Publica and the Instituto Nacional de Vacuna and Sueroterapia, who argued that local surveys made a strong case in favour of the common origin of verruga and Oroya fever.71 In the same year, Monge Medrano wrote a general description of the disease for a German journal in which he emphasized that Strong had studied "one [human] case" for only three months and that his statements on a dual etiological origin were not sustained by the clinical and epidemiological observations of Peruvian physicians.72
Most foreign scientists dismissed the Peruvian complaints as an indication of a backward scientific tradition in which nationalistic concerns took the place of research. An exception was Charles Townsend, who shared the Peruvian belief of a unified etiology for both diseases. His disagreement with Strong is understandable, considering he was exposed for longer to the environment where the disease took place-he spent two years in Peru-and where it was passionately discussed. In addition, Townsend followed the infection with, and recovery from, Oroya fever and verruga peruana of a Briton who had assisted his experiments in the Andes.73
One reviewer from London's Tropical Diseases Bureau characterized Townsend's statements as "controversial", and another commented on the work of a Peruvian scientist in the following terms: "The author evidently does not accept the well-grounded conclusion of the expedition of the Harvard School of Tropical Medicine . . .
Consequently it would tend to confusion to publish an abstract of his paper."74 The clinical and geographical evidence cited by Peruvians was not considered enough to defend the assumption that Oroya fever and verruga had a single cause. Many foreign scientists believed that the Peruvians had to conform to the normative rules of bacteriology in order to prove their clinical arguments. This was the beginning, or rather a continuation, of a controversy over Carrion's disease that could be settled once and for all only by isolating the causative microorganism of both infections and comparing their immune reactions. 69 Emesto Odriozola, 'Unidad de la enfermedad de 73 Townsend, op. cit., note 31 above.
Carri6n', La Cr6nica Medica, 1914, 31: 157-62. 74 The reviews were signed with the initials 70 Julian Arce, 'La medicina tropical, lecci6n P.W.B.S. and A.G.L. and appeared in Trop. Dis.
inaugural', La Cr6nica Medica, 1916 , 33: 239-48. Bull., 1914 , 1: 51, and 1923 : 810 respectively. 71 Sebastian Lorente and Raul Flores C6rdova, The article by Townsend was 'On the identity of Estudios sobre geografia medica y petologia del verruga and Carri6n's fever (correspondence)', Peru, Lima, Imp. Americana, 1925 , pp. 189-90. Science, 1914 With these materials Noguchi published in the mid-1920s a series of articles (some of them co-authored with Battistini) in which he described an artificial culture of Bartonella bacilliformis and the successful experimentation with animals. Noguchi found the characteristic bacilliform bodies present in the red cells, and cultivated a microorganism of similar appearance in 1925. The culture was inoculated into young monkeys and was found to be capable of inducing characteristic verruga peruana on the skin. Although these experiments already suggested that Oroya fever and verruga peruana were of common origin, it was also necessary to isolate the organism from human warts and test its behaviour on animals. Through the co-operation of Oswaldo Hercelles, then professor of bacteriology at San Marcos, nodules excised from two cases of verruga were secured for Noguchi early in 1926.76 From one of these, a culture was obtained which did not differ in any respect from that previously cultivated from the blood of the Oroya fever patient. This culture reproduced the characteristic Oroya fever as well as Peruvian wart in monkeys. Noguchi was able to recover the microorganism again from blood or warts of the inoculated animals. Those animals which did not succumb to the experimental infection recovered completely and became resistant to a second attempt to infect them.
Noguchi used this fact to explain the discrepancy between the result of Carrion's experiment and that of the Harvard Commission.77 According to Noguchi, Carri6n was susceptible to infection with bartonella, while the "volunteer" inoculated by the Harvard commission was resistant, probably because he had suffered from a earlier attack. Medicina, 1926, 12: 248-50. Noguchi and returned to Peru.
Noguchi's achievement provided Peruvian scientists with the bacteriological proof they were lacking.78 As a result, the disease became internationally known as Carri6n's disease (although the term human bartonellosis is also used today), Carri6n's death appeared vindicated, and the local medical tradition reassured. Nevertheless, this was not the end of Strong's work in Peru. In 1936, on retiring from his professorship at Harvard, he decided to organize a new expedition to Peru to confirm or refute Noguchi's work. There was no institutional pressure to return to a topic then considered of secondary importance, especially for somebody who was already a leading figure in U.S. medicine. However, Strong knew that this was the last field expedition he would carry out and probably wanted to end his career by returning to the topic that had fascinated him during his first year at Harvard. The new expedition to Peru faced severe difficulties and had to be supported by a private fund and by monetary contributions from members of the party, who paid for their own personal and research expenses, which included the shipment from India to Peru of fifteen Rhesus monkeys.
No new discoveries occurred during Strong's 1937 expedition, which confirmed Noguchi's finding that Oroya fever and verruga peruana had the same causative microorganism.79 Strong was aware that nationalistic and scientific concerns were intertwined in the debate and tried to handle carefully the feelings of Peruvians. In a letter to a former officer of the Rockefeller Foundation Strong wrote:
The Peruvian doctors regard the form of anemia we are going to study as rather a private affair since it is-not known to occur in any other country and our contacts will have to be made discreetly and diplomatically in order not to arouse any jealousy or antagonism. In fact, it is my plan to have at least one Peruvian physician associated with us in the work.80
It is significant that the final investigations on Carrion's disease were carried out either abroad or by foreigners. The increasingly important role played by U.S. researchers was partly an outcome of the limitations of Peruvian bacteriology, and especially of its inability to create a permanent and independent institutional basis. new trend was clear when Leguia named two Americans in succession to direct the Direccion de Salubridad Publica. The Americans were followed by a Peruvian psychiatrist, Doctor Sebastian Lorente, committed to public hygiene, which he described as: "a science that is destined to do more good than all the other medical devices discovered or administered combined".81 Under Lorente's influence, Peruvian sanitation paid less attention to basic research, and fewer resources were allocated for the development of local scientific capabilities in bacteriology, which before the Leguia regime had been justified in terms of its potential benefit for public health. Leguia's emphasis on applied science increased routine work in the bacteriology laboratories because they were supported directly or indirectly by the State. The staff of the Instituto Municipal de Higiene of Lima, for example, became overloaded with routine tasks like the analysis of potable water and beverages, the extermination of rats, and the production of serums and vaccines. These duties were heavy because the city was growing rapidly while the staff and resources of the laboratory were diminishing. The reports of the directors of the Instituto Municipal during the 1920s and early 1930s complain of poor material facilities and the scanty and outdated materials for bacteriological research, all indicating this centre's decay.82
In the 1920s, there was less time and space for basic research because the romantic vision of the previous two decades that bacteriology alone would eradicate infectious disease seemed exaggerated. In Peru as elsewhere, serum and vaccine therapies, the great hopes of bacteriology of the late nineteenth century, were considered by many doctors a dead end.83 The first Peruvian bacteriologists linked their research to the fight against infectious and tropical diseases which drained resources from the country. By 1920, however, the campaign against endemic and epidemic conditions seemed to the Peruvian authorities to be a matter of money and technique, and that additional research was not necessary.
Carri6n's disease, which was the centre of attention of Peruvian bacteriologists, was a rural disease of secondary economic importance, endemic only in narrow Andean valleys where the majority of inhabitants had developed a natural immunity. It was well-known that one way to avoid the disease was to use a mosquito net or to prevent strangers from sleeping in areas where the vector existed, since it was a nocturnal insect. In addition, the census of 1940 found a curious polarized distribution of the Andean population, i.e. the majority of people lived below and above the endemic areas of verruga. These facts reduced the economic relevance of Barton's discovery and undermined Peruvian bacteriology's claim to utility.84 81 Sebastian Lorente, Nuestros problemas medico Municipalidad de Lima, 1932 Lima, -1933 The young and dispersed group of bacteriologists was unable to respond effectively to the new challenges. The achievements of the earlier generation of Peruvian bacteriologists were more difficult to replicate and the work of foreign scientists ultimately surpassed local work.85 The decay of Peruvian bacteriology during the 1920s also resulted from local institutional weaknesses present from the very beginning. The different locations in which bacteriology was practised were not primarily dedicated to research, but rather to developing cures, educating physicians, and performing sanitary tasks.
Bacteriology was originally carried on in centres such as hospitals, the Instituto Municipal de Higiene and the Faculty of Medicine. Initially, institutional dispersion was beneficial because it generated competition to resolve the etiological question of Carrion's disease. But in another sense, it discouraged the consolidation of a scientific community because work tended to be duplicated, there was no uniformity in scientific apprenticeship, and resources were not centralized. Dispersion partly explains the lack of a more ambitious research programme. The search for one causative agent, the concentration on morphological description, and the lack of advanced local studies in entomology, all revealed the absence of higher goals in Peruvian bacteriology.
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